In a previous publication (Gaines, Currie, and Tully, 1960), we reported that two strains of mice immunized with Vi antigen did not respond in the same way. A given quantity of this antigen, which evoked both complete (saline) and incomplete (albumin-potentiated) antibodies in one strain, yielded only incomplete antibody in the other. Incomplete antibody alone could protect mice against challenge with virulent typhoid bacilli, and its specificity was demonstrated by absorption tests. The present report describes additional studies on the development of this type of antibody in these and other strains of mice.
In a previous publication (Gaines, Currie, and Tully, 1960) , we reported that two strains of mice immunized with Vi antigen did not respond in the same way. A given quantity of this antigen, which evoked both complete (saline) and incomplete (albumin-potentiated) antibodies in one strain, yielded only incomplete antibody in the other. Incomplete antibody alone could protect mice against challenge with virulent typhoid bacilli, and its specificity was demonstrated by absorption tests. The present report describes additional studies on the development of this type of antibody in these and other strains of mice.
MATERIALS AND METHODS
Mice. Eight strains of mice of both sexes, ranging in weight from 11 to 16 g, were utilized in this study, although most of the work was done with two strains (BALB/c and Cinnamon). BALB/c and C3H mice were obtained from Microbiological Associates, Inc., Bethesda, Md., and Cinnamon, ALN, Bagg, C-57, DBA/p, and Hairless mice were from the Department of Laboratory Animal Medicine, Walter Reed Army Institute of Research.
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Vi antigen. The purified Vi antigen employed was isolated from the Vi strain of Escherichia coli (5396/38) by the method of Webster, Landy, and Freeman (1952) . Deacetylated and reacetylated Vi antigens, prepared as described by Landy, Johnson, and Webster (1961) , were kindly supplied by Maurice Landy, National Institutes of Health. Immediately prior to use, the antigens were dissolved in 0.85% NaCl to give the desired concentration. All inoculations of antigen were made via the intraperitoneal route, unless otherwise indicated.
Sera. Serum pools were prepared from groups of mice bled 6 days after injection of Vi antigen, except where otherwise indicated.
Passive protection tests. Tests for serum potency were based on the use of graded immunizing doses and a constant challenge dose, and were performed in Cinnamon mice. Serum was given intraperitoneally 1 hr prior to challenge with a saline suspension of 3 X 107 cells of Salmonella typhosa Ty2 via the same route. The ED50 values were determined by the method of Reed and Muench (1938) .
Serological procedures. Sensitization of erythrocytes with Vi antigen and the hemagglutination test for complete Vi antibody were performed as described by Landy and Lamb (1953 
RESULTS
In our earlier paper (Gaines et al., 1960) In another attempt to evoke saline Vi antibody, Cinnamon mice were immunized with Vicontaining bacteria or Vi-coated erythrocytes. Groups of animals were inoculated with either E. coli 5396/38, Paracolobactrum ballerup, or Salmonella typhosa ViI (Bhatnagar strain). The inoculum for each mouse consisted of 106 viable bacilli contained in 0.5 ml of saline, and was administered intraperitoneally. An additional group of mice was given 0.5 ml of a 10% suspension of human red blood cells coated with Vi antigen.
Comparable groups of BALB/c mice were inoculated similarly with the same products. Vi hemagglutinin titers are shown in Table 3 . Saline antibody was demonstrated in all sera, except from Cinnamon mice inoculated with P. ballerup. Of the organisms employed, the E. coli culture, shown by Landy (1952) to be richest among the V-form Enterobacteriaceae in Vi antigen, elicited the highest complete and incomplete Vi antibody titers in both strains of mice. The Bhatnagar strain of S. typhosa evoked the next highest titers, and P. ballerup exhibited the lowest capacity for stimulating Vi antibody.
Passive protection tests in this study routinely employed the intraperitoneal route for both immunization and challenge, and, as reported previously (Gaines et al., 1960) , incomplete Vi antibody from Cinnamon mice protected effectively under these conditions. In several other studies in this laboratory on S. typhosa infection in mice, the intracerebral route of challenge was utilized. BALB/c mice were used in such studies because of their high degree of susceptibility to infection by this route (Landy, Gaines, and Sprinz, 1957a) , and because Vi antiserum from these mice protected against intracerebral infection (Landy et al., 1957b) . To determine whether Cinnamon mouse serum containing only incomplete Vi antibody would protect similarly, BALB/c mice were inoculated intraperitoneally with such serum. As a control, another group were administered serum from Vi-immunized BALB/c mice. After 1 hr, all mice were challenged intracerebrally via the foramen magnum with 3.3 X 104 S. typhosa Ty2 cells contained in 0.03 ml of pancreatic digest of casein (Landy et al., 1957a) , and were observed for the ensuing 14 days. Table  4 shows the Vi hemagglutinin titers of the sera tested, and the protection they afforded. Serum from BALB/c mice contained both saline and albumin-potentiated Vi antibody, and provided excellent protection. Cinnamon serum, which contained only the latter antibody, also protected, indicating that incomplete Vi antibody can protect against challenge by the intracerebral as well as the intraperitoneal route.
In the experiments so far described, tests for the presence and protective capacity of incomplete Vi antibody were made 6 days after the administration of Vi antigen. To determine whether such antibody persisted for a longer period, and whether complete Vi antibody might appear in the serum of Cinnamon mice prior to or after 6 days, Cinnamon and BALB/c mice were inoculated intraperitoneally with 10 j.tg of Vi antigen. At various intervals, groups of mice were exsanguinated and Vi hemagglutinin titers were determined on appropriately pooled sera. Table 5 shows that incomplete Vi antibody was demonstrable in both Cinnamon and BALB/c sera for 56 days after inoculation of Vi antigen. IrOL. 90, 1965 In a series of papers, Muschel and Treffers respectively, as (1956a, b, c) described a sensitive in vitro pro-)5 ml (BALB/c) cedure for determining the bactericidal activity of the 6-day sera. antisera. Among their observations, they retys exhibited 38.5 ported appreciable bactericidal titers in sera he protective ca-from human typhoid patients which failed to Institute of Research, are compared in Table 8 with their corresponding Vi hemagglutinin titers. Although all sera were bactericidal, three showed this activity in the absence of saline antibody, indicating that incomplete Vi antibody alone could account for the observed cidal action. Of interest is the observation that the relative potencies of the sera were the same whether tested for in vitro bactericidal activity or for albumin-potentiated Vi antibody.
Vi antibody from Cinnamon mice administered a single intraperitoneal injection of Vi antigen was considered to be incomplete because of the requirement for bovine serum albumin for demonstrating its presence. One of the attributes of this type of antibody is its ability to block the reaction between antigen and specific complete antibody. Vi antiserum from Cinnamon mice was therefore examined for this property. By use of the hemagglutination procedure, it was found that a Cinnamon serum having an albumin titer of 1:120, but no saline antibody, reduced the saline titer of a rabbit Vi antiserum from 1:480 to 1:60. Control serum from unimmunized mice failed to affect the titer of the rabbit serum, thus demonstrating the blocking ability of incomplete Vi antibody. Landy et al. (1961) reported that deacetylated and reacetylated Vi antigens, which are less polymerized than untreated Vi, are less immuno-GAINES, CURRIE, AND TULLY genic for the mouse. To determine the effect of these partially depolymerized products on the formation of incomplete Vi antibody, sera from mice given single injections of 10 ,ug of these antigens were examined for Vi agglutinins and for protective potency. The results (Table 9) show that both deacetylated and reacetylated Vi exerted only a slight immunogenic effect. In Cinnamon mice, no antibody could be detected after immunization with either product. In BALB/c mice, the deacetylated antigen failed to yield either type of antibody, whereas the reacetylated material stimulated a limited amount of incomplete antibody. Passive protection was afforded only by those sera containing demonstrable antibody. These findings agree with those of Landy et al. (1961) , and denote the adverse effect of depolymerization on the production of incomplete as well as complete Vi antibody.
DIscussION
The difference in the responses of BALB/c and Cinnamon mice to Vi antigen undoubtedly reflects the lesser sensitivity of the latter to this antigen. A single injection of Vi into BALB/c mice resulted in early formation of incomplete antibody, followed by the production of complete antibody shortly thereafter. In Cinnamon mice, on the other hand, the development of both types of antibody only after multiple inoculations of antigen suggests that the first injection served to sensitize the antibody-forming apparatus in such a way as to make these mice more responsive to a second exposure of antigen. Varying the size of the first immunizing dose will not evoke complete Vi antibody; a subsequent stimulus is needed, even if the total quantity of antigen administered in the multiple injections is the same as or even less than that given in a single injection. The mechanism by which the initial inoculation increases the sensitivity of the Cinnamon mice, and by which a subsequent injection of antigen results in the formation of saline antibody when antigen already in the tissues fails to do so, is not evident.
It is interesting that, although only incomplete antibody was produced by Cinnamon mice in response to a single injection of isolated Vi antigen, single inoculations of Vi-containing bacilli or Vi-coated erythrocytes evoked both types of antibody in these animals. The greater response to cellular Vi antigen may be due to the manner in which it is distributed on the organism, or possibly to chemical alteration of the isolated antigen during isolation and purification. The response to Vi-sensitized red cells favors the first possibility.
The inability of Cinnamon mice to produce complete Vi antibody after a single intraperitoneal injection of purified Vi antigen was not reversed by administering the antigen via severa? other routes. In contrast, BALB/c mice responded to a single injection of Vi antigen via any of the four routes tested, with the production of both types of antibody. Three of six other mouse strains reacted to a single intraperitoneal injection of Vi antigen, as did the Cinnamon mice; the remaining three strains resembled the BALB/c mice in this regard. These findings emphasize that not only host species, but also host strain, can affect the response to an antigenic stimulus, and that generalizations from a given antigen-host system cannot be made universally. Thus, in studies on antigen-antibody relationships, the strain of animal employed for immunization, as well as the nature of the antigen, are critical factors.
In studies on the rate of development of specific antityphoid immunity in mice, Landy (1957) Pike and Schulze (1964) reported that, after administration of somatic antigens from S. typhosa, 7S agglutinins were produced only after 19S appeared. Turner and Rowe (1964) found that human serum antibodies to S. typhosa flagellar antigen were initially 19S globulins, and that 7S globulins became predominant later. The development of incoml)lete prior to complete antibody in BALB/c mice, and the appearance of complete antibody in Cinnamon mice only after multiple injections of Vi antigen, suggest, therefore, that incomplete antibody may be associated with 19S globulins and complete antibody may be associated with 7S globulins. In preliminary experiments, however, it was found that serum from BALB/c mice, containing both complete and incomplete Vi antibody, showed 19S but no 7S globulins. Studies on the relationship of 19S and 7S globulins to complete and incomplete Vi antibodies in Cinnamon and BALB/c mice are continuing, and the results will be reported later.
Generally, the serological activity of a serum is considered to parallel its protective capacity, although it is recognized that this is not always the case. The results of the present study provide additional evidence that a serum negative by conventional serological tests may, nevertheless, be protective, and that such a serum may be shown to contain antibody if examined by the appropriate serological procedure. Sera from Vi-immunized Cinnamon mice not only protected against intraperitoneal or intracerebral challenge, but exhibited in vitro bactericidal activity, despite the inability to detect Vi agglutinins by the usual hemagglutination test. Antibody was demonstrated in these sera, however, when they were diluted in bovine serum albumin. Thus, the serological and protective titers of a serum not only reflect the immunological status of the serum, but also the sensitivities of the tests employed to measure these titers.
